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Chapter 1

THE PROBLEM AND NEED FOR THE STUDY

INTRODUCTION

Fluid replacement by way of intravenous therapy is common
place in hospitals today and is a procedure nurses encounter fre
quently, if not daily, at work.
The introduction of the polyethylene catheter by Meyers in
1945 was a major contribution to patient care (12:259).

These in

dwelling catheters were used for prolonged periods in a variety of
situations (40:257).

Patients had been spared the discomfort of

numerous venepunctures, and physicians had been assured that their
patients are receiving uninterrupted infusion (12:259).
Although polyethylene is chemically inert, its prolonged use
often leads to undesirable complications such as venous thrombosis,
bacteremia, and pulmonary embolism.

This suggests that patients with

indwelling catheters should be closely observed for complications.
and precaution should be taken to prevent or diminish such complica
tions .
Nurses have taken on added responsibility of starting and
administering intravenous fluid infusions.

An important nursing

function is to maintain a continuous flow of fluid into the patient's
vessel through a patent catheter.

1
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THE PROBLEM

Statement of the Problem
Intravenous infusions are used extensively in fluid replaceOne of the dangers associated with prolonged therapy

ment therapy.

is clot formation and possible embolization.

In maintaining a

patent catheter, nurses often irrigate the catheter when the flow
has stopped.

Is this a safe procedure?

Is an embolus introduced

into the circulation by flushing the catheter?

Could safety possibly

be determined by the destination of the clot?

Purpose of the Study
The purpose of this study is to demonstrate the immediate
destination of an embolus formed in the lumen of an intravenous
polyethylene catheter placed in a peripheral vein.

Hypothesis
Clots injected into a peripheral vein will lodge in the lungs
if the clot follows the normal pathway of circulation, which is peri
pheral vessel to inferior vena cava to heart to lungs.

Subhypothesis.

The clot may lodge anywhere along the circu

latory pathway.

NEED FOR THE STUDY

There has been much progress in perfecting methods of infusing
fluid, but with newer, more efficient methods we are still faced with
complications resulting from their use.

While a number of complica-

tions from intravenous infusions have been reported, the focus in this

»
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study was on venous thrombosis and pulmonary embolism.
Coon and Collar's study of autopsy reports during a ten-year
period found 13.8 percent had pulmonary arterial emboli, and in 31
percent the sole immediate cause of death was pulmonary embolism (10:
260) .

The importance of pulmonary embolism and associated venous

thrombosis was emphasized by the fact that this vascular accident may
be the sole cause of about 50,000 deaths per year in the United States
(25:63).
The use of indwelling needles was unfavorable for long term
infusions because of (1) their inflexibility, (2) the sharp point
that traumatized the vessel wall, and (3) difficulty in maintaining
their position.

Phlebitis was a common complication.

Frequent use

of large and prolonged infusions made it necessary to devise a more
practical method of venous intubation (14:929).

Indwelling Polyethylene Catheters and Their Complications
Collins et al. discussed the growing use of polyethylene
intravenous catheters in the hospitalized patient who required medi
cation and fluid.

These flexible catheters were convenient because

they were available in a variety of sizes and styles, allowed easy
and rapid percutaneous insertion into peripheral veins, and permitted
prolonged infusions.

Because of their widespread use he suggested

the need for careful examination of untoward effects associated with
their use (9:340).
Doering, Stemmer, and Connally stated that in recent years
there has been a number of reports warning of the hazards associated
with the use of these catheters.

They reported the incidence of
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complications as follows:
phlebitis
thrombosis
sepsis
pneumothorax
pulmonary embolism
catheter embolism

30-40%
9-22
10-16
0-20
0-10
rarely

(12:259)

Others agreed that the principal complication of prolonged venous
catheterization was venous thrombosis and thrombophlebitis (3:392;
5:1606; 6:113; 13:966), with the thrombus forming at the puncture
site (3:392).

Fowler suggested that if thrombosis occurred in the

lower arm it was probably the result of a venepuncture (18:235).
Wilmore stated that improper insertion techniques and lack of aseptic
techniques contributed to the occurrence of phlebitis, thrombosis.
embolism, and cannula sepsis (40:256).

Predisposing factors of venous thrombus formation.

There are

many predisposing factors to thrombus formation in the vein.

A

dis-

cussion of these will help one to understand the steps in the forma
tion of a venous thrombus.
Over a century ago, Virchow concluded from his studies that
three factors were important in the development of thrombosis:

(1)

changes in the vessel wall, (2) slowing of the blood flow, and (3)
alterations in the coagulability of the blood (1:101).

Since Virchow,

many others have found and agreed that the trauma to the vessel wall,
caused by mechanical shearing during the insertion of the catheter or
experimentally with a blunt instrument, did indeed promote the forma
tion of fibrin clots (5:1610; 9:341; 22:44; 23:365).

Ashford and

Freiman found that fibrin formation and platelet transformation were
prominent when subendothelial tissue was exposed to blood with
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endothelial disruption (4:264).
Thromboses were more prone to develop in a slow venous stream
(5:1610), and slowing of the blood flow was generalized secondary to
cardiac failure (22:44).

Reduced flow rate and eddy currents tended

to settle the particles that were normally in the blood, and the
platelets accumulated in the slower moving periphery of the stream
and stuck to the endothelium (1:576).

Changes in the flow rate was

greater if the ratio of vein diameter to catheter diameter was smaller
(17:717), causing greater venous obstruction.
The third factor suggested by Virchow was alteration in the
blood coagulability.

Since the coagulability of blood depends on its

constituents, Kinley and Dolan suggested that conditions such as de
hydration and polycythemia predisposed to venous thrombosis (22:44).
In his discussion of platelet properties, Allen suggested that
platelet ’’stickiness" may be important in thrombosis since studies
have shown that in the postoperative period and after trauma platelet
adhesiveness increased (1:108; 19:798).

The use of intravenous cathe

ters and changes in blood coagulability are possible sources of embo
lus; therefore, persons who require intravenous infusions for dehydra
tion, surgery, or trauma may have a higher risk for thrombosis than do
other patients.
In addition to the factors identified by Virchow as predispos
ing to thrombosis, Bansmer et al. suggested that the duration a cathe
ter is in the vein is directly related to the amount of mechanical
trauma and severity of thrombophlebitic reaction (5:1610; 6:114; 8:
652; 9:342; 26:595; 23:365).

The Medical Research Council in 1957

found that the incidence of thrombophlebitis was negligible when the
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infusions lasted twelve hours or less (26:595).
Bansmer, Keith, and Tesluk included in their list of predis
posing factors the presence of the catheter acting as a foreign sub
stance, a source for stimulating thrombosis despite minimal tissue
reaction (5:1610).

Jones in 1954 found that the thrombi formed

primarily at the site of the catheter tip and not at the point of
insertion, suggesting that the infusion fluid rather than the cathe
ter acted as an irritant (21:970).

Venospasm was considered to be

a minor factor in thrombus formation by Popkin (32:55).

Clinical and experimental reports.

Indor observed in burned

patients with deep vein catheters that the thrombus most often formed
at the tip of the cannula (20:285).

Bonner described the first cases

of thrombi forming on inlying catheters (7:97-98).
clot formation about the catheter.

Autopsy showed

This was noted in two out of ten

cases having indwelling catheters longer than one week.
Since Bonner's report, Nejad et al. conducted a study to
investigate the rate of clotting on the surface of various catheters.
In unheparinized dogs the surface clotting was found in significant
amounts on all vascular (arterial and venous) catheters kept in for
thirty minutes (28:248).

They felt this indicated that emboli or

thrombotic occlusions could easily occur by stripping clots off the
surface of the catheter upon its withdrawal.

Amplatz was intrigued

by Nejad's findings and conducted a similar study on dogs and calves
and confirmed Nejad's findings (3:392).

Massey's study of fifty

autopsy cases in which pulmonary embolism was the cause or major con
tributing cause of death showed that 2 percent originated from cutdown
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catheters (25:63).
One should remember that the physical state of the postopera
tive, postpartum, or medical patient receiving intravenous infusions
is not comparable to that of a "healthy" individual.

He is a compro

mised host with impaired ability to tolerate and absorb emboli.
Since clots form around and at the tip of venous catheters,
it would be possible for small emboli to arise from irrigating catheters.

Therefore, it was important to study the clinical effects of

multiple small emboli.

An experimental study conducted by Allison,

Dunhill, and Marshall showed that a massive clot embolus can pass
through a healthy dog's heart and into the pulmonary circulation with
out causing death and without causing detectable changes in the
electrocardiogram, pulse, or arterial pressure and showed the ability
of the lungs to absorb these large clots (2:273-283).
Allen stated that a fatal embolus may occur after one or more
nonfatal emboli or after one or more clinically evident episodes of
acute thrombophlebitis (1:565).

According to Dexter, McGuire, and

Haynes, pulmonary embolism was the commonest form of pulmonary disease
in the hospitalized patient (11:1251) and the most important compli
cation of thrombophlebitis (18:235).
Several authors discussed the importance of repeated embolic
phenomenon.

They suggested that when multiple small emboli occur

faster than they can be absorbed, they block off circulation to part
of the pulmonary bed and, if followed by a moderate size clot, may
cause death (25:65, 2:282; 24:289).
Fowler suggested three possible patient responses after small
emboli enter the lungs:

(1) more than half probably experience a
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spontaneous recovery, (2) a good number throw off one or more large
emboli that prove fatal, and (3) some continue to throw off small
emboli so that pulmonary hypertension develops leading to chronic cor
pulmonale (18:237).
McNair and Dudley explained that with prolonged infusion an
inflammatory condition develops and spreads proximally from the needle
tip.

The vein thromboses and the infusion slows down and eventually

stops (23:365).
Wellman, Reinhard, and Salazar compiled with their own findings
other findings on catheter emboli reported in the literature.

Of the

thirty-seven cases discussed, the site of entry for twenty-six was the
arm, for three the leg, and for eight other places.

Of the recovery

sites, three were in the superior vena cava, two were in the inferior
vena cava, eight in the right heart, five in the pulmonary artery,
five in the arm and axilla, two in other places, and seven unrecovered.
These results indicated that catheter emboli may lodge anywhere along
the circulatory pathway, but most frequently lodged in the greater
veins, heart, and pulmonary artery (39:386-389).
Recommended Practices for Maintaining Intravenous Infusions
A discussion of recommended practices for nurses responsible
for maintaining patent venous catheters follows.
Sherman Laboratories circulated a booklet, Intravenous Infu
sions , that directed the nurse to try several techniques when the flow
is irregular:

(1) elevate the bottle, (2) readjust the needle, or (3)

if the needle is clogged, attach a syringe to the needle and withdraw.
If no blood returns, the needle is clogged and the intravenous infusion
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should be restarted (41:12).
Sutton suggested similar steps.

If the needle is clogged

with a "minute clot," the clot may be dislodged by a slight rotation
of the needle.

If the nurse is unable to restart flow, then the in-

fusion should be restarted (37:74).
The authors of Parenteral Administration listed four possible
causes of mechanical difficulties that altered infusion rate:

(1) a

kink in the tubing, (2) a plugged air filter, (3) displacement of the
needle, or (4) an obstruction in the needle.

They suggested flushing

the needle every half hour to reduce the possibility of clogging (42:
19).
Studies and reports showed the prevalence of complications
with the use of indwelling polyethylene catheters and the significance
of multiple small emboli.

This information relates to a question

pertinent to this study regarding the safety of irrigating obstructed
intravenous catheters with the possibility of releasing a blood clot
into the circulatory system.
If clots are released into the circulation by irrigation, the
next question is:

"Where do these clots go?"

The purpose of my study

was to answer this question.
The topic of irrigation and its safety may be controversial
when one considers the capacity of the normal lung to absorb clots
and, on the other hand, considers the dangers of multiple small emboli.
There is a possibility that by irrigating venous catheters nurses may
contribute to and enhance small embolic phenomenae and thus place the
patient in a potentially dangerous state.

Chapter 2

RESEARCH DESIGN, METHOD AND PROCEDURE

RESEARCH DESIGN

The purpose of this study was to show the immediate destination
of an embolus formed in the lumen of an intravenous polyethylene catheter placed in a peripheral vein.

Because such a study might have po-

tential hazards for humans, animals were used as subjects.
was experimental and causal.

The design
Each

No separate control group was used.

animal was in an assumed state of health before the experiment.

Each

was exposed to the experiment and checked after the clot was injected
and location of the clot determined.

This type of study is referred to

as a "single-group after-only experiment" (35:360).

Observations were

made after introduction of the experimental variable, the clot.
Assumptions
1.

No vascular abnormalities were present in the animal at the

time of the experiment.
2.

What change occurred in the vasculature, if any, as a re-

suit of the anesthetic was not significant enough to alter the normal
flow of blood, the direction of the clot, or the destination of the
clot.
3.

131 I-MAA (radioiodinated macroaggragated albumin), used to

tag the clot, did not alter the physical properties of the clot.
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Sample
Two California and twenty New Zealand rabbits (twelve males
and ten females) were used.

These rabbits had been submitted to skin

transplants of the ear that did not interfere with the results of this
study.

The age range was approximately nine weeks to thirty-three

weeks old.

Scope
Twenty-two rabbits were used in this study and the location of
each clot injected was identified.

Although the use of dogs in the

sample may have produced more accurate results, rabbits were used because of their availability.

Some of the disadvantages in the use of

rabbits are their sensitivity to anesthesia, and the difference between
their pulmonary anatomy and that of humans.

The effect of the lateral

decubitus position on pulmonary ventilation and perfusion in the rabbit
lung was not determined for this study.
from ten to ninety minutes.

Scan time postinjection ranged

Scan time difference did not affect the

results of the study since the half life of 131 I is 8.08 days.

METHOD AND PROCEDURE

The methods and tools used in the experiment were chosen after
several trials with various methods.

Once a protocol was established,

data collection proceeded as explained in the following procedure out
line .
1.

Two rabbits were done at the same time.

2.

Approximately 1 cc. of blood was withdrawn intracardially

from one of the two rabbits.
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3.

The blood was placed in a clean beaker.

4.

The blood was then drawn into a syringe that contained a

known amount of 131 I-MAA diluted to a proportion so 0.10 cc. of the
mixture contained approximately 10 microcuries, mixed together well.
“I O -j

I-MAA is one of the most common radiopharmaceuticals used
to determine pulmonary arterial blood flow by lung scanning.

Lung

scans and pulmonary angiograms utilizing 131 I-MAA have become the accepted procedure for confirming the clinical diagnosis of pulmonary
embolism.

A positive scan is one where there are one or more defined

areas of markedly decreased or absent activity indicating a block in
pulmonary arterial supply by an embolus.

A negative scan would have a

homogeneous appearance throughout the lung field (34:1453; 29:3; 16:
778) .
For the purposes of this study, 131 I-MAA was not used in the
same manner as described above but the macroaggragates were incorporated
into the clot before injecting the activated clot into the circulation.
The exact mechanism of 131 I-MAA adhering to the blood clot is not known
but practice has shown that the macroaggragates are strongly attracted
to blood and blood clots.
Webber et al. in their study demonstrated thrombophlebitis by
scintiscanning after chemical trauma to the vessel.

They noticed a

collection of radiotracer in the axilla region postintravenous catheterization.

This experiment confirmed the ability of fibrin to attract

and collect macroaggragates of albumin.

Microscopic studies revealed

that the macroaggragates were "gathered up in the lacy tenacle-like
structure of the clot" (38:620).
George J. Duffy cited two patients who were injected for lung

13
scan with

131 I-MAA.

The scans showed areas of increased radioactivity

representing radioactive emboli following injection of the isotope.
He concluded that the isotope was incorporated into blood clots when
there was difficulty in administration of the isotope (14:1175).
5.

The blood-isotope mixture was injected into a PE-90/s 12-

inch, intramedic polyethylene tubing manufactured by Clay-Adams, Inc.
This mixture was allowed to clot, with a minimum time limit of sixty
After several trials with different size catheters, the PE-90

minutes.

was selected for its insertion ease into the rabbit vein.

The catheter

contained approximately 0.15 cc. of the mixture and thus contained
about 15 microcuries of 131i.
6.

This amount was detectable on the scan.

Each rabbit was anesthetized with approximately 25 mg/Kg

body weight of pentobarbital.

The lateral auricular vein of the ear

was used.
7.

Surgical cutdown was performed on the right or left

cephalic vein of the foreleg at the distal humerus.

This region cor

relates to the forearm of the human where most intravenous infusions
are administered.
8.

After the vein was exposed, the catheter containing the

tagged blood clot was inserted into the vein 1 to 1.5 cm. and the clot
irrigated into the system with no more than 5 cc. of normal saline.
9.

Ten to ninety minutes after the clot was injected, each

rabbit was scanned with a Nuclear Chicago Pho-Dot Scanner.

The rabbit

was placed in a prone position for a dorsal-ventral view for best de
tection and convenience.
10.

X-ray films were made of the scan and rabbit body so these

two could be superimposed to identify the location of the clot.
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11.

The rabbit was then sacrificed with pentobarbital, which

was injected intracardially.

Varying amounts were used depending on

the depth of previous anesthesia.
12.

The lungs were removed so that samples could be carefully

studied to determine the amount of radioactivity present in any par
ticular lobe.
13.

The lobes of each lung were separated, weighed, and stored

in 5 cc. of normal saline until time for homogenization.
14.

The following morning, each lobe was homogenized in 5 cc.

of normal saline with multiple passes in a Potter-Elvehjem homogenizer (33:495).
15.

A sample of the homogenized tissue was taken and counted

in a Well Scintillation Counter, Ridl Model 29-1, for determining the
amount of radioactivity present.

Chapter 3

STUDY RESULTS AND DISCUSSION OF DATA
STUDY RESULTS

Data results presented in this chapter were collected from
twenty-two rabbits who were injected with radioactivated clots tagged
with 131 I-MAA.

The clot was injected into the circulation through

the right or left cephalic vein of the foreleg,

Twelve rabbits were

injected into the left foreleg and ten into the right foreleg,

The

rabbit was positioned on the opposite side from the injection site for
better visualization of the cephalic vessel.
locate the position of the clot,

Each rabbit was scanned to

If the lungs contained the areas of

greatest radioactivity, they were dissected out of the sacrificed rabbit.

The lobes were separated, made into a homogeneous solution, and

a sample of that solution was counted in a Well Scintillation Counter
to detect level of radioactivity in each lobe in an attempt to find
the areas of greatest activity.
The data were presented in an attempt to answer the following
questions:
1.
mary site?
2.

What percent of the clots lodged in the lungs as the priWhere besides the lungs was activity noted?
Did the clots that went to the lungs settle in one particu-

lar lobe more than another?
3.

Did clots go to the right lung more than to the left or
15
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vice versa, and did the injection site or position have a significant
influence on where the clots lodged in the lungs?
4.

How did the scan interpretations agree with the activity

levels counted in the lobes?
The primary purpose of this study was to determine the destination of an embolus injected in a peripheral vessel.

The hypothesis was

that clots will go to the lungs if they follow the usual pathway of
circulation.

If this hypothesis were true, then it would be of inter

est to go another step and attempt to answer questions two and three.
Scanning and tissue counts were the methods used to locate the
clots.

Scan findings were compared to levels of radioactivity counted

in each lobe from a homogenized sample of tissue to see how often the
results agreed.
The pulmonary anatomy of the rabbit is somewhat different from
Figure 1 shows that the left lung has two lobes and

that of the human.
the right has four.

The following designations have been given in the

data for each lobe when they were considered separately:
A
B
C
D
E
F

- left apical lobe
- left diaphragmatic lobe
right apical lobe
right cardiac lobe
right diaphragmatic lobe
right intermediatelobe.

(36:550)

When the vascular structure and branching of the pulmonary
artery into the various lobes were examined, it was noted that the ves
sels to lobe A and to lobes C and D branched off the main pulmonary
artery at similar angles.

Likewise, the artery to lobe B branched off

at a similar angle to those going to lobes E and F.

To denote this

vascular anatomy, an imaginary line was drawn between the three upper
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lobes (A, C, and D) and the three lower lobes (B, E, and F) separating
these two groups into upper and lower sections.

In future discussion

of these lobe divisions, lobe A will be referred to as LUL (left upper
lobe) and lobe B as LLL (left lower lobe).

On the right side, lobes

C and D together will be RUL (right upper lobe) and lobes E and F to
gether will be RLL (right lower lobe) (see Figure 1 and Table I).

Table I
THE FOUR MAJOR DIVISIONS OF THE LUNG AND
THE LOBES INCLUDED IN EACH

Left

Right

Upper Lobe

A

C,D

Lower Lobe

B

E,F

Table II, under the column "areas of greatest scan activity"
shows that of the twenty-two rabbits tested, the primary site of radioactivity for twenty was in the lung.
in the left shoulder.
foreleg.

In rabbit 1 the primary site was

In rabbit 9 the primary site was in the left

Of the twenty-two rabbits, 90.91 percent of the clots lodged

in the lungs and 9.09 percent along the circulatory pathway before
entering the heart.

Of the twenty rabbits with lungs as the primary

site of activity, four (rabbits 2, 7, 19, 21), or 20 percent, had
secondary sites in the foreleg near the injected sites.
In the statistical tests determining significant number of
clots in certain areas of the lung, only those rabbits whose lobes were
counted for radioactivity were used.
lobe were used in these tests.

The numerical values for each
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TABLE II
SCAN INTERPRETATIONS AND AMOUNT OF RADIOACTIVITY COUNTED

Rab- Injected
bit
Side

1
2
3
4
5
6

L
R
R
L
R
L

7
8
9

R
L
L

10
11
12
13

L
R
R
L

14
15
16
17
18
19

L
L
R
L
R
R

20
21

L
L

22

R

Area(s) of Highest Radioactivity on
Scan

left shoulder
left lower lobe; some in right
foreleg
irregular distribution except in
left upper
irregular but greater in left side
all in right side, greatest in lower
multiple irregular activity left and
right sides
right lower lobes, right foreleg
right lower lobes
left foreleg, equal distribution in
lung
left upper and lower, right lower
left upper, and right lower
left lower lobe
greater in right upper, even in left
side but greater left lower lobe
right upper lobe, even through left
diffuse in left, right lower
right greater activity than left
diffuse all over lungs
right lower lobe
irregular distribution, some in
right axillary vein
even distribution
left lower, right lower, left
foreleg
right central or upper

Amount of Radioactivity Counted
Left Lobes
Right Lobes
Upper
Lower
Upper
B
A
C
D
E
cpm/mg
%
%
cpm/mg
cpm/mg
%
cpm/mg
cpm/mg
%

Lower
F
%

cpm/mg

%

tissue not counted—primary site left shoulder
tissue not counted due to technical difficulties
118
493
56

4.70
23.26
1.95

546
905
356

21.76
42.70
12.42

532
92
596

21.20
4.34
20.80

273
200
245

10.88
9.43
8.55

247
381
918

9.84
17.98
32.04

793
48
694

31.60
2.26
24.22

448
3
11

20.58
0.07
5.61

645
329
63

29.64
7.93
32.14

61
13
35

2.80
0.31
17.85

469
42
21

21.55
1.01
10.71

494
72
50

22.70
1.73
25.51

59
3686
16

2.71
88.93
8.16

tissue not counted—primary site left foreleg
13
6.98
30 16.12
19 10.21
34
106 10.12
261 24.90
96
9.16
102
4.67
9
2
148 76.88
1.03
0.50

18.27
9,73
0.25

54
205
19

29.01
19.56
9.87

36
278
14

19.36
26.52
7.27

85
777
2024
462
225
88

4.51
18.26
54.26
8.65
13.66
4.22

256
37
123
356
263
170

13.53
0.86
3.29
6.66
15.96
8.16

82
3
1101
1117
356
616

4.35
0.07
29.51
20.91
21.61
29.57

1041
1453
145
790
308
256

55.28
34.14
3.88
14.79
18.70
12.28

320
229
130
382
222
854

16.99
5.38
3.48
7.15
13.47
40.99

99
1756
207
2233
273
99

5.25
41.26
5.54
41.81
16.57
4.75

477
473

11.33
19.56

679
524

16.22
21.67

1297
553

30.98
22.87

857
337

20.47
13.94

273
372

6.52
15.39

603
158

14.40
6.53

447
625

13.00
7.54

677
809

19.69
9.77

617
543

17.95
6.55

571
5561

16.61
67.16

638
328

18.56
3.96

484
414

14.08
5.00
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Columns A through F on Table II display the actual values of
the counts per minute/milligram of lung tissue in the sample counted.
This value will hereafter be referred to as cpm/mg.

These values were

used instead of total counts/lobe to avoid skewing values by the total
lobe weight since all lobes were not equal in size and the total counts
in each rabbit varied.

The percent values were derived by adding all

the cpm/mg in lobes A to F for each rabbit and figuring the percent of
cpm/mg of each lobe in contrast to the total cpm/mg of the rabbit
lungs.

The total counts/minute varied between rabbits; therefore, the

cpm/mg were converted to percent values so comparisons could be made
between rabbits.
Ranks in Table III were designated according to the percent
values shown in Table II.

The numbers go from one to six, one repre

senting the highest percent value, six the lowest.

This ranking was

used in the Friedman Rank Test.
The Friedman Rank Test was used to compare the frequency of
clots going to various lobes.

The results were not significant (P>

0.05).
For the nineteen rabbits, the cpm/mg for A lobes were combined
and added.

This procedure was followed for each of the six lobes.

Counts per minute/milligram for the combined A lobes were compared to
the combined values of each of the other lobes.
groupings, such as A to B, A to C, .

.

The P values for all

. D to E, and E to F, were

insignificant (see Table IV).
The percent values of the right upper lobe were compared to
those of the right lower lobe.

A similar comparison was made between

the left upper lobe and the left lower lobe.

The t-tests for the two
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Table III
LOBES RANKED FROM PERCENT VALUES ON TABLE II
Lobes
A

B

C

D

E

F

6
2
6
4
6
6

2
1
4
1
2
1

3
5
3
5
5
3

4
4
5
3
4
4

5
3
1
2
3
2

1
6
2
6
1
3

6
2
4
5
3

4
4
1
3
5

5
6
5
6
6

3
5
6
1
2

1
3
2
2
4

2
1
3
4
1

15

1

6

2

4

3

3

16

4

6

2

3

5

1

17
18
19
20
21
22

5
6
5
3
6
3

4
4
3
2
1
2

1
2
1
1
3
4

2
3
2
5
4
1

6
1
6
4
2
6

3
5
4
6
5
5

Rabbit
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Note:

1 represents highest percent of cpm/mg
6 represents lowest percent of cpm/mg
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TABLE IV
LEVELS OF SIGNIFICANCE IN COMPARISON OF THE RADIOACTIVITY
BETWEEN THE SIX LOBES OF THE LUNGS OF NINETEEN RABBITS

A

B

C

D

E

F

A
B

.2390
.2146

C

.8116
.7350

.1634
.2999

D

.6965
.2865

.4287
.8674

.5344
.3957

E

.4820
.4696

.6122
.4677

.3501
.6728

.7611
.5933

F

.5980
.2726

.5314
.9953

.4533
.3646

.8825
.8757

.8846
.5241

NOTE: Top figure in each pair of numbers represents the
level of significance using the cpm/mg. The lower figure represents
the level of significance using the percent values.
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comparisons were insignificant (F^0.05).

The percent values for the

combined right and left upper lobes were compared with those of right
and left lower lobes.

The t-test showed PXh05.

Although statistically no individual lobe (Table IV) nor the
upper and lower lobes seemed to receive a greater number of clots, it
was interesting to note the trend plotted in Figure 2.

The lungs were

divided into four sections as shown in Figure 1 and Table I.

The

purpose of Figure 2 was to show where the percent values of the upper
and lower lobes of the right and left sides fall most frequently.
Percent values for the upper and lower lobes were calculated separately
between the sides.

The percent for one lobe was calculated by dividing

the cpm/mg of that lobe by the combined cpm/mg for the total lobes on
that side.

In other words, the percent for LUL was calculated by

dividing cpm/mg of lobe A by the summed values of lobes A and B.

Other

lobes were calculated in a similar manner.
These percent values were then plotted on the frequency chart
in positions representing their approximate values to show the distri
bution trend between the upper and lower lobes on both sides.

The

solid diagonal line between the upper and lower lobes indicates the
difference in percent range between the mean values for the upper and
lower lobes.

For nineteen rabbits, 79 percent fell above the 50 per-

cent level for the LLL, and 63 percent fell above the 50 percent level
for the RLL.

This frequency chart (Figure 2) shows a tendency for the

clot to lodge in the lower lobes.
Table V displays the average cpm/mg and percent of cpm/mg
values for all lobes A to F, n=19.

The highest mean values for both

cpm/mg and percents fall in the lower lobes of both sides.
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TABLE V
MEAN AND PERCENT VALUES OF RADIOACTIVITY IN
FOUR AREAS OF THE LUNGS

Area

Lobe(s)

Counts per min/mg

Percent

Left upper lobe

A

268.16

13.04

Left lower lobe

B

369.58

19.24

Right upper lobes

C
D

249.00
300.29

14.32
18.30

Right lower lobes

E
F

325.68
313.16

15.80
19.27
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Counts per minute/milligram for left and right lungs for nine
teen rabbits were compared using the t-test for differences between
paired data.

The findings were not significant (P>0.05).

To determine the effect of injection site, the rabbits were
divided into two groups.

The difference between the counts of the left

and right lungs was computed for each of the two groups.
ferences were compared using the t-test.

These dif-

The results were significant

(P<P.01).
The relationship and agreement between scan interpretations
and areas of highest counts can be seen by comparing in Table II the
column of scan interpretation to the columns with level of activity in
each lobe.

Interpretation and cpm/mg for rabbits 8, 10, and 14 dis-

agree and 15 is questionable.

The majority (78.99 percent) of the

interpretations and high count areas agreed.

Agreement was based on

scan interpretation and trend of highest activity counts in the homo
genized samples.
Rabbits 1, 3, and 8 died with ten, fifteen, and thirty minutes
respectively after the clot was injected.

The exact causes were not

determined, but respiratory distress was noted before expiration.
At the time of dissection, some of the lungs appeared edematous
and hemorrhagic in spots.
The following figures (all dorsal-ventral views) are examples
of different scans with various results:
1.

Figure 3 (rabbit 6) shows several areas of high activity.

The interpretation was "multiple irregular activity on left and right
sides."

The cpm/mg shows high counts in both upper and lower lobes on

both sides.
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Figure 3. The dorsal-ventral view of lung scan of rabbit 6
shows several areas of greater radioactivity.
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2.

Figure 4 (rabbit 9) is an example of the primary activity

centered outside of the lungs in the left foreleg above the injection
site.
3.

Figure 5 (rabbit 13) shows a relatively even distribution

on the left side and greatest activity in the right upper lobes.

The

count in lobe D of the RUL is 1041 cpm/mg, which greatly exceeds any
of the other lobes by a noticeable margin.
4.

Figure 6 (rabbit 18) is an example of activity isolated in

one area.
5.

Figure 7 (rabbit 21) shows the general lung field in scan A

and scan B after injection of the tagged clot.
slightly different from the rest.

This rabbit was done

Approximately 15 microcuries of

131 I-MAA was injected into the rabbit, and the rabbit was scanned for
an overall view of the lung field.
rabbit rescanned.

Then the clot was injected and the

The "after" scan shows greater activity in the right

lung.

DISCUSSION OF RESULTS
The purpose of this study was to determine the immediate desti
nation of a clot injected into a peripheral vein.

The results indi

cated that 90.91 percent (20/22) of the clots went to the lungs and
9.09 percent (2/22) lodged in the circulatory pathway between injection
site and the heart.
Massey, in his study, examined x-rays of patients who died from
pulmonary embolism and observed that the lower lobes of the lungs were
involved most frequently and the right more than the left.

Fifteen

Figure 4. The dorsal-ventral view of lung scan of rabbit 9
shows radioactivity localized in the left foreleg.
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Figure 5. The dorsal-ventral view of lung scan for rabbit 13
shows diffuse activity on the left side and a high concentration of
radioactivity in the right lung.
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%

Figure 6. The lung scan of rabbit 18 is an example of the
clot concentrated in one area. An outline of the left lung is
barely visible.

♦

A
Figure 7. Scan A of rabbit 21 was taken after the rabbit was injected with 131 I-MAA
to show the general lung field. Scan B was taken after the radioactivated clot tagged with
131 I-MAA was injected. A higher concentration of activity is seen in the right lung.
CO
I'O
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percent of his cases had emboli confined to one or both of the upper
lobes (25:64).
Moser et al. conducted an experimental study on dogs by forming
thrombi in the jugular veins and releasing them after thirty minutes.
In the dogs studied for small emboli, fifty-nine clots and clot frag
ments with 35 percent in the RLL vessels; 30 percent in LLL vessels;
and 24 percent in the right ventricle were recovered (27:665).
The statistical findings (based on the nineteen rabbits whose
radioactivity was primarily in the lung) of my study, using the Fried
man Rank Test, did not show that a particular lobe (A to F) received a
One reason

significantly greater number of clots than did other lobes.
for this distribution may be due to clot fragmentation.

Fragmentation

may be noted in Figure 3 and in the scan interpretations on Table II.
Another possible reason for findings contrary to Massey and Moser may
be the position of the rabbits at the time of clot injection.

This

aspect will be discussed later.
T-test results comparing the upper and lower lobes were insignificant.

According to the frequency distribution chart (Figure 2),

there seemed to be a higher percent of cpm/mg in the lower lobes on
both sides when the lungs were divided into upper and lower sections,
with a greater difference between lobes on the left side.

Table V also

indicates higher cpm/mg and percents in the lower lobes on both the
right and left sides.
There is no significant difference between right and left
lungs when the nineteen rabbits were compared.

But the level of sig-

nificance was ^0.01 when the groups were divided by injection sites.
This value indicated that a significantly high number of clots injected
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into the right foreleg will lodge somewhere in the right lung, and
those injected into the left side will lodge in the left lung.
It seemed unlikely that the findings were a result of the
injection site since the clot must first pass through the heart.
rabbits were placed on the side opposite the injected side.

All

This posi

tion was maintained because the cephalic vein lies on the lateral side
of the foreleg.

Exposure of the vein and cutdown were easier in this

position.
It was thought then that position of the rabbit might be a
significant factor.

Poe's study revealed that when patients lie in

the lateral decubitus position, perfusion is greater in the inferior
or dependent lung, and there is less perfusion in the superior lung
(31:622; 30:571).

One might then speculate that clots would go to the

area of greater perfusion.

However, my findings did not agree with

Poe's, and I am unable to explain this discrepancy.
The comparison of relationship between scan interpretation and
cpm/mg or percent values per lobe showed 78.99 percent agreement.

The

use of scanning in identifying radioactiveted clots with 131 I-MAA is
a reasonably dependable method.
The preceding discussion shows that most clots injected into a
peripheral vessel lodge in the lung, but that it is impossible to say
in which lobe of the lung the clots will lodge most often.

Chapter 4

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY

Because of the frequent use of intravenous infusions and the
problems encountered by nurses, interest was aroused regarding the
practice of venous catheter irrigation to reestablish flow when perfusion ceases.

The purpose of this experimental study was to deter-

mine the immediate destination of an embolus injected into a peripheral
vessel.
A review of literature identified the predisposing factors and
the formation of venous thrombosis.

The discussion included studies

that showed the ability of the lungs to absorb large clots and other
findings that indicated the potential dangers of multiple small emboli.
Twenty-two rabbits were used in the study.

The externally

formed, 131 I-MAA tagged clots were injected into the cephalic vein of
the foreleg.

Approximately half of the rabbits were injected into the

right foreleg and the remainder into the left foreleg.
positioned on the side opposite the injection site.

Rabbits were

After injection of

the clot, each rabbit was scanned to determine clot location.
When the lungs contained the greatest radioactivity, a homoge
nized sample of each lobe was counted for amount of activity, and these
findings compared to the scan interpretations.
The data showed that 90.91 percent of the clots lodged in the
35
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lungs and 9.09 percent within the circulatory pathway between the
injection site and the heart.
The incidence of clots going to one particular lobe or to the
right or left lung was not statistically significant.

When the sample

was divided into two groups by injection site (right or left), the
number of clots that lodged in the superior lung was significant.

This

finding is contrary to what would be expected if the perfusion to the
superior lung is diminished as shown by Poe.
crepancy is not known.

The reason for this dis-

The trend seen in Figure 2 suggests that clots

seem to settle in the lower lobes more than the upper lobes although
it was not significant statistically.
Positive relationships were made between scan interpretation
and tissue activity in 78.99 percent of the cases.

The others dis

agreed or were questionable.
CONCLUSIONS

The following conclusions can be drawn from this study:
1.

The majority of the clots introduced into a peripheral ves-

sel lodged in the lungs.
2.

Some of the clots introduced into the peripheral vessel

lodged somewhere along the circulatory pathway between injection site
and the heart.
3.

Clots did not go to one particular lobe of the lung more

often than to another.
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RECOMMENDATIONS

The following recommendations are made for (1) modifying
experimental technique and for (2) additional studies related to the
problem:

Modifying Experimental Technique
A similar study should be conducted using a larger sample with
the following changes in technique:
1.

Obtain blood sample for forming clots from rabbits not

included in the experiment.
2.

Dissect the lungs of each rabbit into approximately eight

sections rather than by lobes and count the sections for amount of
radioactivity.

Dissect the lungs into the same sections each time.

Have a dissection chart divided into the same number of sections to
superimpose on the scan to show a relationship between the count levels
and areas of higher activity scanned.
3.

As an alternate way of identifying clot location, do a

transformation scan where an isotope is used to outline the general
lung field and another isotope to tag the clot.
up activity from both isotopes simultaneously.

This scan will pick
This type of scan would

help one to be more specific about the location of the clot within the
lungs.
4.

Choose another method to sacrifice the animal.

5.

Remove the lungs from the sacrificed animal within the

shortest possible time and designate a time range.
6.

Use dogs for the experimental sample.
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Additional Studies
1.

A similar study should be conducted with a larger sample

and/or different experimental animals to see if there is more than a
trend for clots to settle in the lower lobes.
2.

The term "small" should be defined in terms of a given

size range when referring to multiple small emboli.
3.

Studies should be conducted to determine the size of clots

that can be formed in and around the venous catheter within different
time ranges and what size clots would enter into the circulation if the
catheter were irrigated.
4.

Studies should be conducted on the frequency of clot frag

mentation and how the fragments distribute in the lungs to produce a
partial arterial occlusion.
5.

Studies should be conducted by injecting clots with the

subject in various positions arid comparing the destination of the clot
to perfusion rates.

—
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DATA SHEET

Date

Number

Type

Age

Weight

Sex

Nembutal
time
amount

Tag Material

Clot Size
Clot Started
Site
Time Injected
Site radioactivity
Time Scanned
Comments

Lobe
A
B
C
D
E
F

Weight

Dilution

Sample size
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ABSTRACT

This study was designed to show the immediate destination of
an embolus formed in the lumen of an intravenous catheter placed in
a peripheral vessel.

The hypothesis stated that clots injected into

a peripheral vessel will lodge in the lungs.

A subhypothesis was

that the clot may lodge anywhere along the circulatory pathway.
Indications of need for the study as shown by the review of
literature were the following:

(1) the complications resulting from

the frequent use of intravenous polyethylene catheters, (2) experi
mental studies that showed that clots were formed around intravenous
catheters, (3) the evidence that intravenous catheters predispose to
venous thrombosis, and (4) probable relationship of multiple small
emboli from catheter irrigation to fatal embolization.
The experimental method of research was used to collect data
on twenty-two rabbits.

Each rabbit was injected with a clot tagged

with 131 I-MAA in the foreleg and later scanned to determine the location of each clot.

The lobes were homogenized separately, and the

level of radioactivity of samples from each was determined by a Well
Scintillation Counter.
The data showed that 90.91 percent of the clots lodged in the
lungs and 9.09 percent within the circulatory pathway between the in
jected site and the heart.

In nineteen of the twenty-two experiments.

where the lung was the destination of the clot, the lung tissue was
homogenized.

The statistical findings, using the Friedman Rank Test,
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did not show that a particular lobe received a greater number of clots
than did any other lobe.

T-tests comparing upper and lower lobes

showed no statistical significance.

But the frequency chart seemed to

show that clots lodge more often in the lower lobes of both the right
and left lungs than in the upper lobes.

There was no significant dif-

ference between right and left lungs of the nineteen rabbits compared.
But, when the sample was divided into two groups by injection sites, a
significant number of clots (P<,0.01) lodged in the superior lung with
the rabbit lying in a lateral decubitus position,

Comparison of rela

tionship between scan interpretation and counts per minute/milligram
or percent values showed 78.99 percent agreement, indicating that the
experimental procedure was reasonably reliable.
Conclusions drawn from the study are:

(1) the majority of

clots injected into a peripheral vessel will lodge in the lung, (2)
some may lodge along the circulatory pathway between the injection site
and the heart, and (3) clots did not go to a particular lobe but seemed
to lodge in the lower lobes more often than the upper lobes.
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